Increasing nutritional value of cereals is one of the important research and breeding objectives to overcome malnutrition in developing countries. The synthesis of grain seed proteins during grain filling is controlled by several mechanisms including transcriptional and posttranscriptional modifications. In the current investigation, transcript abundance analysis of three allelic variants of seed storage protein activator (Spa A, Spa B and Spa D) and NAM-B1 affecting seed nutrient concentration was carried out in two genotypes (UP 2672 and HS 540) of bread wheat differing in grain protein content. Expression profiling of transcription factor genes was performed using quantitative real time PCR (qRT-PCR). Positive correlation and significant p value > 0.05 was observed among the fold expression in developing stages of both the genotypes. Maximum expression of Spa genes was observed at S3 stage and maximum fold expression was observed for Spa B gene in case of UP 2672, the genotype with high protein content. The transcript profiling of NAM-B1 gene revealed threefold higher expression in UP 2672 than that of HS 490 at S4 stage. The findings revealed the role of transcriptional regulation in differential grain protein accumulation through varied expression and existence of their allelic variants in wheat genotypes.
Wheat (Triticum aestivum L., AABBDD, 2n = 42) is a globally important crop, occupying 17% of all the cultivated land and accounting for 20% of the calories consumed by humans and is, therefore, of great economic importance (Gill et al. 2004; Brenchle et al. 2012 ). It has been described as the 'King of cereals' because of the acreage it occupies, high productivity and the prominent position it holds in the international food grain trade (Kumar et al. 2014) . India is one of the major producers (16%) of wheat and occupies second place after China in terms of area and production among wheat growing countries of the world (ICAR-IIWBR 2017) . Wheat constitutes important source of carbohydrates, proteins and also an important source for micronutrients such as Zn and Fe (Distelfeld et al. 2007; Kumar et al. 2014 ). The storage-protein genes are expressed during seed development stages, which accounts for about 50% of the total protein in mature cereal grains and have important impacts on their nutritional quality for humans and livestock and on their functional properties in food processing (Shewry and Halford 2002) . The synthesis of Grain Seed Proteins (GSPs) during grain filling is controlled by several mechanisms, including transcriptional and post transcriptional modifications.
Transcription factors (TFs) regulate gene expression by binding to specific cis-acting promoter elements, thereby activating or repressing the transcriptional rates of GSP genes (Verdier and Thompson 2008) . In plants, totally more than 50 different families of TFs have been identified based on bioinformatics analysis so far (Hu et al. 2010) . Several TFs have been reported to specifically interact with the Endosperm box (EB) and the AACA motif. Three Electronic supplementary material The online version of this article (https ://doi.org/10.1007/s1320 5-018-1114-5) contains supplementary material, which is available to authorized users.
important cis-motifs are conserved in GSP promoters from wheat, barley (Hordeum vulgare), maize (Zea mays), and rice (Oryza sativa). These are the GCN4-like motif (GLM) and the prolamin box (PB), which together constitutes the endosperm box (EB), and the AACA motif (Zheng et al. 1993) . The GLM motif is recognized by basic Leu zipper (bZIP) TFs of the Opaque2 subfamily, called SPA in wheat (Albani et al. 1997) .
Storage protein activator (SPA) is a key regulator of the transcription of wheat grain storage protein genes. Other TF-NAC-domain (NAM; ATAF1, 2; CUC2) TF that has a functional copy in DIC is encoded by GPC-B1 also called (NAM-B1) gene. SPA is a key regulator of the transcription of wheat GSP genes and belongs to the Opaque2 (02) TF subfamily (Albani et al. 1997) . Changes in the expression of SPA might allow a shift in grain nitrogen allocation and therefore modify the GSP composition independently of grain protein concentration (Ravel et al. 2006) . NAM-B1 gene affects grain nutrient concentrations in wheat and it is the first identified wheat gene responsible for variation in GPC. A major effect of the NAM genes is an increased efflux of nutrients from the vegetative tissues and a higher partitioning of nutrients to grain (Waters et al. 2009 ). The expression profiles of the TFs selected showed three distinct patterns, associated with gene expression predicted to be in the endosperm, embryo or pericarp (Wan et al. 2008 ). The genotype is one of the important factors in determining the final protein composition (Bonfil and Kafkafi 1993) . In Table 1 , two different genotypes of wheat possessing contrasting characters like UP 2672 (> 14%, high grain protein content) and HS 490 (< 11%, low grain protein content) were taken in the present study to investigate the role of some potential TFs affecting grain protein content. In the present study, expression profiling of Spa A and Spa B, Spa D and NAM-B1 TF genes was done to reconstruct transcriptional regulatory networks and define its functional role in grain protein concentration as a strategy for the crop improvement and bio-fortification.
The seeds of two wheat genotypes were sown at N. E. Borlaug Crop Research Centre, G.B. Pant University of Agriculture and Technology, Pantnagar, India. Five different developmental stages of the spike, booting (S 1 ), anthesis (S 2 ), milk development (S 3 ), dough development (S 4 ) and ripening (S 5 ) were used for qPCR analysis (Supplementary Fig. S1 ; Supplementary Table 1) . Spikes samples were collected from the one-third portion from the tip. All these samples were collected in the forenoon (between 0800 and 0900 hours). At least three independent biological replicates of each tissue sample were harvested and immediately frozen in liquid nitrogen and stored at − 80°C till further use.
Total RNA was isolated from five stages of developing spikes (S 1 , S 2 , S 3 , S 4 and S 5 ) of wheat genotypes (UP 2672 and HS 490) using IRIS total RNA isolation kit (from IHBT, Palampur). DNaseI treated total RNA (2 µg) was used to synthesize first strand cDNA using oligo (dT) 18 primer. Real-time PCR (qPCR) was carried out using the 5 ′ Real Master Mix SYBR ROX (Eppendorf India Limited, Chennai, India) according to the manufacturer's instructions. The list of gene specific primer used for expression analysis is given in Supplementary Table 2. Actin gene primer was used as internal control. The normalized transcript expression was quantified using 2 −ΔΔCT method (Livak and Schmittgen 2001) and presented as fold change over control (calibrator). The correlation coefficient and covariance analysis was performed using the Rx64-3.1.2 Software package. Analysis of variance (ANOVA) was performed using SPSS 21.0 (SPSS Inc., Chicago, IL, USA) to detect differences in expression among genotypes and developing stages of spikes (Kumar et al. 2015) . The quantitative expression of SPA genes (Spa A, Spa B, Spa D) and NAM-B1gene was studied to understand the correlation between the expression pattern of these gene with seed protein accumulation in developing spikes of wheat genotypes (UP 2672 and HS 490) differing in grain protein content. Expression profiling of Spa A gene transcript showed marked difference at different stages of developing spikes in both the studied genotypes. S 4 stage of the HS490 genotype was taken as a reference stage for finding the relative expression of all the other stages in both the genotype. Irrespective of the genotypes, the transcript level was in decreasing order starting from the S 3 stage to S 5 stage, i.e. as the maturation of the seed continues the transcript level decreases. As calculated, about 151.27-and 4.72-fold lower expression was reported for HS 490 and UP 2672, respectively at ripening stage as compared to the milking stage. The maximum transcript accumulation was at S 3 stage of about 29.65 and 51.98 for low and high protein genotype, respectively. Higher expression in UP 2672 might define the role of Spa A TF gene during protein storage in wheat seed (Fig. 1a) was highest at S 3 stage which was more than twofold higher for UP 2672 as compared to HS 490 (Fig. 1b) . This further suggests that higher expression of Spa B TF gene might play role during protein storage in high protein wheat genotype since most of the protein stored at S 3 stage. F test has produced p value = 0.2686, ratio of variances 0.2986256 and t-test produced p value = 0.5428 with mean for HS 490: 6.169393 and mean for UP 2672: 19.504760. ANOVA results showed significant difference in expression among genotypes and developing stages of spikes as the p value obtained is about 2.432785 and 5.308955, respectively, which is greater than 0.05.
Transcript level of Spa D gene showed marked difference in different stages of both genotypes. In HS 490, 133.43-fold lower expressions were observed at S 5 stage as compared to S 3 stage. The highest accumulation of transcript was at S 3 stage of about 11.08 that further supports its role during protein accumulation. Similarly, in UP 2672, the highest relative expression of Spa D gene was at S 3 stage (milk stage) of about 22, which was twofold higher as compared to HS 490 (Fig. 1c) . By using the f-test and two sample t-test, the expression values were analyzed for significance. It was seen that by f-test, p value = 0.2686, ratio of variances: 0.2986256. By t-test statistics:, p value = 0.5428 which is greater than 0.05 so our values obtained are acceptable and sample estimates mean for HS 490 and UP 2672 is 2.432785 and 5.308955, respectively. Using ANOVA, the p value obtained is significant to about 0.1935 and 0.0194, respectively, which is greater than 0.05 suggesting there is significant difference in expression among genotypes and developing stages of spikes.
Expression profiling of Spa A, Spa B and Spa D genes showed similar expression pattern in both the studied wheat genotypes. Irrespective of the genotypes, the expression of studied Spa genes was maximum at S 3 stage (milking stage) that further declines at S 4 and minimum at S 5 stage of spikes. Similar findings were reported by Albani et al. (1997) and Ravel et al. (2006) about SPA TFs that the three SPA homoeologs have similar patterns of expression during grain development, with a peak in expression around 300 degree days after anthesis.
The expression profiling of NAM-B1 gene showed no relative expression at S 1 and S 2 stages of developing spikes in both the wheat genotypes (UP 2672 and HS 490). The expression increases from S 3 stage that reaches maximum at S 4 stage up to sevenfold for HS 490 and 11-fold for UP 2672 that further declines to half-fold for both the genotypes at S 5 stage. It showed threefold high expressions in UP 2672 (22.7) than HS 490 (7.91) at S 4 stage (Fig. 1d ). This suggests that there might be the low protein genotype (HS490) contains low GPC allele of NAM-B1, which is non-functional NAM-B1 as reported earlier in wheat genotypes. Uauy et al. (2006b) reported that in addition to the functional NAM-B1 allele a low GPC allele of NAM-B1 exists in durum wheat genotypes that affects the grain protein content in wheat. These durum wheat accessions had a 1-bp insertion causing a frame-shift mutation making it non-functional. Thus high protein genotype UP 2672 having functional NAM-B1 can be explored as a potential material for crossing NAM -B1 allele into high-performance genetic backgrounds. It was seen that by f test p value = 0.05062, ratio of variances: 0.1048476. By t-test statistics: p value = 0.3352, which is greater than 0.05 so our values obtained are acceptable and sample estimates mean for HS 490 is 2.33 and UP 2672 is 6.953439. This shows that there is statistical significant values of means and ratio of variance which are acceptable. ANOVA result supports that there is significant difference in expression among genotypes and developing stages of spikes as the p value obtained is significant to about 0.186 and 0.111, respectively, which is greater than 0.05.
In conclusion, in nutshell, three SPA homologs have similar patterns of expression and NAM-B1 has slightly different patterns of expression as compared to SPA during grain development in wheat genotypes. SPA showed high expression during milk stage (S 3 ) while NAM-B1 showed high transcript accumulation in late stage as compared to SPA TFs, i.e. at the dough stage (S 4 ). At the late maturity stage (S 5 ) the transcript level of all the TFs declines. A strong positive correlation was observed among the SPA TFs, while negative correlation was observed among NAM-B1 and SPA TFs. This shows that SPA TFs are linked to each other in transcription regulatory network of seed storage proteins (SSPs), which needs to be further investigated. However, detailed molecular insight will allow exploration of correlation among the different SPA TFs (Spa A, Spa B, Spa D) gene and NAM-B1 gene in transcription regulatory network to investigate the role of SSP in wheat.
